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ABSTRACT 
The implementation of a cryogenic thermometry system is 

described. It is based on measuring the resistance of carbon 
composition or platinum resistors using short pulses of high 
current in order to generate high signal levels with low self- 
heating effects. It makes use of recent advances in digital 
electronics and it is a natural technique to be used with micro- 
computer based systems. It is used throughout the Energy Saver. 

INTRODUCTION 
For quite some time carbon composition resistors have been 

used as cheap thermometers for cryogenic temperatures.l In par- 
ticular, the carbon composition resistors produced by Allen- 

'Bradley present suitable sensitivity for thermometry in the 4.2K 
to 7OK range. Much has been written about their stability. On 
the assumption that their low price led to relatively careless 
handling and bad reproducibility, we have proceeded to mount 
them in a protected and stress-free way in special printed cir- 
cuit cards which, after "training" and calibration, are installed 
as helium-immersed temperature sensors. 

Over 500 of these units are to be used throughout the cryo- 
genic system of the Energy Saver. - They are used both as monitors 
and control sensors for the refrigeration system. To compliment 
their relative low sensitivity above 70K, commercially available 
platinum resistors are used in the 70-300K range. The refrigera- 
tion system is electronically controlled for most of its operation. 
In order to take advantage of this distributed intelligence avail- 
able and the low price of digital electronics, a pulsed current 
technique was developed for measuring the resistance of these 
thermometers, the implementation of which has been described by 
Pucci and Howard.2 The essence of the technique is to send a pulse 
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during the pulse. This voltage is large enough for the thermal 
emf corrections to be disregarded,. and integrated circuit multi- 
plexers to be used. Self-heating of the thermometer is prevented 
by keeping the pulse duration short and the repetition rate ldw 
(1Hz). 

The minimum duration of the pulse is dictated by the time 
needed for the current to stabilize. A thermometer whose resis- 
tance in the operating range is not far from properly terminating 
the line helps in reducing this transient, but in our case it is 
the length of the cable' (i.e.,- its capacity) that led us to set 
the voltage reading time 48vsec into the pulse and to set the 
pulse duration to 50psec. 

Several factors led to the selection of the resistance at 
operating range to be less than lOOS2: 1) this is a typical value 
for the impedance of a twisted wire pair (therefore cheaper cables 
and better terminations); 2) availability of platinum resistors in 
this range so the same electronics are used for both types of 
thermoneters;3) lower power dissipation while still providing the 
needed resolution of +3OmK below 5.2K. The resistors selected are 
Allen-Bradley 1/8w 180 hot molded carbon composition. They come 
from two manufacturer's batches: BB1805 Code 0031 and BB1805 RCOSGF 
1805 7901. The cable used in the system is the Belden 8728 audio 
cable, which contains two individually shielded twisted pairs in a 
single jacket, one pair for the current pulse and the other for 
the, voltage. 

CARBON SENSOR MANUFACTURE 
In order to make for simple calibration, handling and instal- 

lation procedures,the carbon resistor bodies are held suspended in 
holes machined in special printed circuit cards by sewing thread 
and GE-7031 varnish. Details of their construction procedure are 
presented in Appendix I. The l/16" thickness of the printed cir- 
cuit card and a few loops of l/32 o.d. insulated wire protect the 
resistor from mechanical contact. No effort was made to reduce the 
original phenolic insulation layer of the resistor, but their orig- 
inal leads were trimmed very short (<l/32" long) and touch soldered 
to 2-l/2" long .004" diameter double enamel insulated copper wires 
to prevent any external mechanical stress from reaching the resistor. 
Thermal contact to the composition is therefore expected to be mostly 
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mostly through the leads, but themal tim constant for these gas- 2 
or liquid-immersed sensors is short enough for all our purposes. 

The thin copper wires terminate on gold-plated copper slide 
contacts that fit into standard printed circuit edge-board connec- 
tors. The calibration calorimeter to be described below contains 
such edge-board connectors' made of diallyl phthalate insulators 
and this allows the handling needed for calibration and installation 
to be fast and to proceed without any extrinsic stress being applied 
to the resistor. In order to reduce the effect of intrinsic stresses, 
the cards containing the resistors are cold-shocked into liquid N2 
and warmed up to room temperature three times before they are in- 
stalled for calibration. This "training" or "aging" of the sensors 
should hopefully increase their reproducibility. 

Figure 1 is a photograph of one such.5/8"~1-3/8" card. Two 
resistors are installed per card for redundancy.* The smaller holes 
are used for threading wires or sewing threads and the larger ones 
for the assembly into the final mechanically strong probe arrange- 
ment and conduit to the sealed feedthrough at room temperature. The 
metal strip in the card is to be engraved with the serial number of 
the resistor for calibration identification. The serial number is a 
six digit number that specifies the date of the calibration, followed 
by a hyphen and a number from 1 to 24 that specifies the location of 
the resistor in the calorimeter during calibration. For example: 
810724-3 was the resistor in location 3 on the calibration run of 
July 24, 1981. 

Figure 1. Carbon Teqerature Sensor 

LHalf-cards with a single resistor are also being produoed. 
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CARBON SENSOR CALIBRATION 
Figure 2 presents a simplified schematic of the cryostat 

used for calibration. It is essentially a copper calorimeter 

immersed in a bath of LHe or LN, and isolated from them by multi- 

layer insulation in a vacuum spice which can be filled with ex- 
change gas for fast cooldown:.' The path conducting heat to the 

calorimeter is intercepted'by a tempterature control stage con- 
taining the sensor and the heater of an electronic temperature 
controller. 
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Figure 2. Calibration Cryostat Schematic 
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Inside the calorimeter in a copper frame, six printed cir- 
cuit edge connectors' made of diallyl phthalate insulator and 
gold-plated contacts in which the cards containing the resistors 
to be calibrated are installed. The l/8" thick OHFC copper walls 
of this calorimeter,and the -1 atm of He gas kept inside the cry- 
ostat are relied upon for stabilizing the thermal equilibrium be- 
tween all of the resistors in the cards and the reference ther- 
mometer. For reference thermometer we have been using commercially 
calibrated carbon glass4 and platinum resistors. 

In order to have an automatically controlled atmosphere of 
helium inside the calorimeter, one l/8" o.d. .006" thick stainless 
tube passing through the temperature control stage connects the in- 
side of the calorimeter to the bottom of the external bath, making 
a vertical zigzag in the vacuum space above the calorimeter to en- 
sure the existence of a long layer of stratified helium gas between 
the calorimeter and the bath. Another similar path connects the 
calorimeter to a manifold at room temperature, providing means to 
verify the calorimeter pressure and to flush it when changing the 
liquid in the bath. Two sets of two cryogenic feedthroughs,' some 
containing over 60 wires (mostly Manganin, .004" thick enamel insu- 
lated) are used to,route the over 120 wires. 

An automatic data acquisition system has been programed to 
measure the resistors, evaluate the approach to thermal equilibrium, 
calculate the temperature and record the data in magnetic diskettes. 
After a calibration run these data are transmitted by telephone line 
to the Cyber computer for general storage and access. 

Although 24 resistors are calibrated per run, format limita- 
tion imposes the data to be stored in three ASCII files. The file 
names consist of a letter A, B or C followed by the six digits of 
calibration run date. The data for the first eight resistors cal- 
ibrated on Jan. 26, 1982 are in file A820126, the next eight re- 
sistors, 820126-g to 820126-16, are in file B820126, and resistors 
820126-17 to 820126-24 are in file C820126. 

In the Cyber the directory of these calibration tables can be 
listed with the command CATLIST, UN=G103, and any particular one 
(for example: A820126) transferred to the user's area with the com- 

mand GET(TABLE=A820126/UN=GlO3). 
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Appendix II is the printout’of one such file, The first 
line consists of labels. The first column is formed by tempera- 
ture in Kelvins, but its label is the calibration date. The 
other columns are the corresponding resistances in ohms for the 
resistors identified by the labels in the first line. 

The data acquisition system is based on a Cromenco Z-2D 
Microcomputer, a Model 225 Keithley dc current source and a 
Model 180 Keithley Digital Nanovoltmeter multiplexed to the re- 
sistors through HG2M1007 Glare Mercury Relays. The four lead dc 
method is used to read the resistors with current inversion for 
thermal emf compensation. The program used in the data acquisi- 
tion system was originally written in 16K Extended Basic by 
L.Grumboski. Its present version is presented in Appendix III. 

A special test to compare the readings of an 18R carbon 
sensor through this dc method and the pulse method described in 
this Technical Memorandum was carried out with the data acquisi- 
tion system of the Spool Piece Testing Facility (SPTF) on Oct. 7-8, 
1981. The agreement found is well within the +3OmK acceptable ac- 
curacy . 
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APPENDIX I - Manufacturing steps for carbon sensors (by H.Cranor). 
APPENDIX II - Calibration file printout. 
APPENDIX III - Calibration data acquisition program (original by 

L.Grumboski; revisions by M.Kuchnir). 
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APPENDIX I 

STEPS TO BUILD CARBON RESISTOR THERMO>fETERS 

1. Prepare copper leads: 
Cut 0.004" double,enamel copper into 2-l/2" long.pieces. 
Strip a little over l/4" from one end with X-var 622. 

2, Prepare resistors: 
a. Wrap the stripped ends of copper wires around the leads 

of a 1/8W 18 9. resistor. Begin close to resistor body 
and end by wrapping some unstripped wire around each 
lead. 

b. With a heat sink between resistor body and copper wire, 
solder wire to lead with #28 (.014") Sn60.Ersin solder. 
Be sure to cover stripped portion of wire completely. 

c. Cut off resistor leads extending beyond the copper-wrapped 
portion. 

3. Mount resistor on G-10 board: 
a. Cut pieces of string into 10" lengths. Loop them around 

the resistors. Fasten with a little GE 7031 varnish. 

b. Using the thread, fasten the resistors to the boards. 
No strain should be put on the copper leads. The thread 
should hold the resistor firmly in the center of the oval. 

FE- 
C. Secure copper leads to the board. Gently twist the copper 

leads together and meander (for good thermal contact) to 
the point where they will be soldered. Strip the copper 
leads at this point and solder to the contacts on the 
board. The copper wires between solder point and resistor 
should be cooled with a damp cloth to prevent damage to 
the resistor. The resistors themselves should remain dry. 
Also, a heat sink can be placed under the end of the board. 

Cont'd. 
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4. Protect the boards by spreading a thin film of 7031 varnish 
on them and then wrap a piece of PVC-covered wire around them. 

5. Cold shock the completed board in liquid nitrogen, allow to 
return to room temperature and repeat two more times. 

6. Check boards for electrical continuity. Check that the re- 
sistance of each resistor is equal to original resistance. 

H.Cranor:er 
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Calibration 
date 

+ 
Temperatures 

(Kelvins) 

Slot # 
+ 

-18 
19.33 
22.63 

fk iz 
;$ ;y 
00: 64 

~~~ !Z 
39: 47 
33.53 
28.71 
2s. 01 
20.71 
19.71 

+ 
Resistance 

(Ohms) 

-19 
18.96 
22.20 

101.34 

% 3’ 
32: 43 
27.94 

% % 
19: 37 

-20 
10.83 
22.05 

-22 
19.23 
22.46 

107.81 

2: ;:! 

fig: g 

23: g 

33: 05 
28. 37 
24. 77 
20. 37 
19.60 

-23 
19.11 
22.35 

‘8k E 
88: 41 
82.98 

20.48 
19.50 

-24 
19.29 
22.33 

%-tz 
8?: 21 
81. 04 

75;. ii! 
45: Em 
37.75 
32. 31 

z 2 
20: 53 
19.60 
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by L.Grumboski and M.Kuchnir 

WIODE : X=0.12.345678 : IF X=0.12345678 THEN RUN 
BN ESC GOSUD 1OOOp 
ISK' A: ' 

$0 PRINT CHR%( 23) 
15 PRI?~‘CAL26 .DAS@ 
20 PRINT CHR%( 20 1 

100 REii 
120 REH 
130 REH 
140 RE!i 
150 REH 
160 REH 
170 REW 
180 RE)I 
190 REtI 
195 DX?! R9%(12)rRWl2) 
200 DIW Z%( 100) 
204 DIH Cl(lrlOO) 
205 DIH C(l8~1r24) 
206 DItl 12(261rA3[26) 
207 RP%='Cl201081 .CGR’ 

(St31 OF 4PIa CHfRLS KIETHLEY 180 
(SlA) ’ ' INPUTS FROii 180 
PORT 6c54 s2A) SELECTS WL b CAL 
PORT %C7 (S23 1 SELECTS RI->R8 
PORT 9C9 (S3A 1 SELECTS R9 
PORT $0 (S3B 1 SELECTS RSO->R17 
PORT %CD <S4A 1 SELECTS Rl8 
PORT OCF (S4D 1 SELECTS Rl?->R26 

208 REH $SttX JOE ttXXt ADD R84=‘????????,RES’ HERE 
210 DIH S<PhT(3) 
260 DIH P(27rl)pZi28) 
265 K9=0,2 : REM EQUlLID. LEVEL ( X 1 
270 R=100,092 : REM CAL RESISTOR IN BOX $1 
272 DIM Qt236 
274 FOR bJ=l TO 26 
276 Qtid)=l8,0 : NEXT id 
278 Q0=12.7 : REM ROOM TEMP OF Cl201 
280 DIH Bttl'CJ) 
290 Hl=XOO801 : H2=y.O040% : W3=~0010% 
300 t i4=%OOOF% : MZ=%OOFOX 
310 c=1500 
320 T8=%Qol7% : T?=%o014% : RE+l TB=CTRLW=PRSNT OH TI=CTRLT 'PRINT OFF 
330 REil S VARIABLES CONTROL LOU LEVEL BOX 
340 REM S LEVELS ARE THE IHVERSE OF THE NORHAL LU LVL SUTCH DX 
350 Sl=%OOFE% : Sl!=%OOFDX : S3=%OOFD% : Sl=%OOF7% : SS=XOOEFZ : Sd=XOODF% 
360 S7=%OOBF% : S8=%007F% : SP=%OOFCX : SO=%OOFF% 
370 oi=%ooc5% : REM Ol=S2A OUTPaRT PORT 
380 CJ2=%OOC7% : REM a2=s2D OUTPUT PaRf 
390 ao=%ooco% : REM LWEST ADDRESS OF PIA BOARD 
400 If 0 )=%OOFB% : I( 1 )=%OOFA% 
410 S(O1=SO : S(1 )=Sl : S(2)=S2 : st3ts3 
420 St 4 N4 : !35)=S5 : S(b)=S6 : S(7tS7 : S(8bSS : S(9bS9 
430 T( 0 )--SO : T( 1 )=Sl : T( 2 )=S2 : T( 3 bS9 
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1000 RE# SStttSttttYStRtttXSSSttttfStStSOtStttttt~~~ 
1010 REH t 
1020 REM t. 100-200 XNITALIZE PIA Sl bS2 f 
1030 REM 1: t 
1040 REM tttXtt%ttttXttX~Rtt~ttttXtttXttRtttXtttt~~~~%~~~%~~~~~~~$~~~~$ 
1050 REH INT THE PIA FOR THE KXETHLEY 130 Sl A-B 
1060 OUT OOy%OOOO% : REH ENABLE THE INTERFACE REG.- 
1070 OUT 00+%0001%y%OOOOX : REH SlA 8 LINES (INPUT I USING INTERNAL .PULLm 
1080 OUT OOyXOOO4Z : REM ENABLE THE D,D,R, 
1090 OUT 00+%0002%y%0000% 
1100 OUT 00+%0003%y XOOFFX : RE?! SIB 8 LINES ( OUTPUT 1 
1110 OUT 00+%0002%y%0004% 
1130 REM tlrtXS INT PIA FOR LOY LEVEL WTCH BOX 52 A-E 
1146 OUT OO+%OOO4%y%OOOO% 
1150 OUT OO+%OOO5%y%OOFF% : REM S2A 8 LSNES (OUTPUT) 
1160 OUT 00+%0004%y%0004% 
1170 OUT 00+%0006%r%0000% 
1180 OUT 00+%0007%y%00FF% : REM S2B 8 LINES (OUTPUT) 
1190 OUT 00+%0006%y%0004% 
l200 REM INT LOU LEVEL 30X 12 S3 A-B 
1210 OUT 00+%000~%t%0000% 
!220 OUT 00+%0009%~%00FF% : RE?! S3A 8 LXNES (OUTPUT) 
1230 OUT 00+%0008%y%0004% 
1240 OUT 00+%000A%y%0000% 
1250 OUT 00t%0003%~ %OOFFX : REil S33 8 LINES ( OUTPUT) 
1260 OUT 00+%000A%~%0004% 
1265 REil INT LO&J LEVEL BOX 3 S4 A-B 
1270 OUT OOt%OOOC%y%OOOO% 
1250 OUT O~+%OOOD%Y%OOFF% : REf4 S4A 8 LINES (DUTPUT) 
1290 OUT OOtXOOOC%y%OOO4% 
1300 OUT 00+%000E%~%0000% 
1310 OUT U~+%OOOF%Y%OOFF% : REH S43 8 LINES (OUTPUT) 
1320 OUT 00+%000E%y%0004% 
1390 @ "SIT BACK AND 13AIT FOR FILES TO LOAD ’ 
1400 GOSUB 13200 
1410 REM WXXt JOE ttXXt ADD GOSUB- 13700 HERE TO LOAD THE 100 ORH FILE 
1795 REH SET U? RUN 
i800 GOT0 11000 
1995 REH CAL RTR BOX $1 
2000 OUT 02~%00FF% 
2010 FOR K=O TO 1 
2020 OUT OirT(3-Kl 
2030 GOSUB 6300 
2040 NEXT K 
2045 OUT Olt%OOFF% : RM 
2050 RETURN 
2095 RE?l 
2100 FOR K=1 TO 0 STEP-l 
2110 OUT CI~YT(K) : REd 
2120 GOSUB 6SOO 
2130 NEXT K 
2140 RETURN 

CLEAR CAL. 

CHAHGE POL AND READ 

CWJGEPOL. 
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SW3 KEtl REAWUT RTN 
5000 REM 
5002 REM SKIP IF PEEPER Is 0N BUT FAR FROH EOUIL 
5003 IF K8=1 AND K7=0 THEN RETURN 
3004 NOESC 
5005 FOR X=0 TO 8 STEP 4 
5010 OUT 02+XyXOOFF% : REM 
5015 OUT OltXy%OOFF% : REH 
5020 NEXT X 
5030 RE# 
5040 REH 
5050 REN 
5055 Y=O : REH 
5060 GOSUB 2000 
5070 FOR bl=i TO 8 
5080 OUT 02tS(ld) :.REtl 
5090 REfl 
5100 GasuD 2100 
5110 NEXT tf 
5120 OUT 02r%OOFF% : REfil 
5130 REM 
5140 OUT%OOC?%yS2 : REtl 
5150 W=9 : RRI 
5160 GOSUB 2100 

CLEAR ALL RELAYS 
I SAID ALL 

Box PI 
CAL RESISTOR 1sT. 
CAL. tl A(O,K) 

RESISTOR Dax #l 
GO h CHANGE POL, h READ 

AU RELAYS Off 
DaXI2 

R9 (CAL, WSITXOW BOX $2) 
R9 

5170 OUT%OOC~%YXOOFF% : REH cLEARIt 
5180 FOR Id=10 TO 17 
5i90 OUT 02+4yS(W-9) : REH 
5200 GOSU3 2100 
5210 NEXT U 
5220 OUT O2tiyXOOFFX : REH 
5230 REH 
5240 OUT%OOCDZrS2.: REM 
5250 U=l8 : REH 
5260 GOSUB 2100 
5270 OUT%00CD%y%OOFF% : REH 
5280 FOR bJ=19 TO 26 

RESXSDRS BOX I2 

CLEAR ALL RELAYS 
BOX'#3 

Rl%SALs?OSIT-IOR 40X.-333- 
R18 

CLEAR RI8 

5290 OUT 02+8~S(U-18) : REH RESISTORS BOX t3 
5300 GOSUE 2100 
5310 NEXT ld 
5320 OUT 02t8~XOOFFX : REII CLEAR ALL RELAYS BOX 83 
5330 RE!i CAL2 
5340 W=27 : REE1 CAL 2=M27rK) 
5350 GOSUB 2000 
5360 OUT Bit R9 : REH SELECT DEFAULT RESISTOR 
5370 RER SELECT DEFAULT FOL. L RECORDER OH 
5380 FOR X=0 TO 8 STEP 4 
5382 REH Tui?n ON ECYBE ChREFtk dwUf me a DEFAULT !&Es 
5385 IF 01+X=31 THEN 05=BINAND(R9yI(P)) : OUT BIr05 : 6DTO 5400 
5390 OUT ol+xynP) 
5400 NEXT X 
5410 C9=~~A~0~0~tA~27rO~~/2~-~~A~OrI~tA~27r~~~/2~ 
54 15 Q4=0 : REk! COHPARE READOUTS FOR INTERNAL EQUlL. 
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5420 FOR bJ=l TO 26 
5430 Z(I~)=((A(WYO)-A(U~~))/C~)%R 
5435 Z(U)=ABS(Z(U) 1 . . 
5436 IF u'>24 THEN 5438 
5437 Q4=QII+ABS(Z(U)-Q(tt))/Q(U) 
5438 Q(Y)=Z(U) 
5440 NEXT U 
5441 QS=100,OXQ4 
5442 RE# SET BEEPER FLAG 
5443 06=100,0~~(ZI25)-QO)/QO) : K6=ABStQb) 
5444 IF K6(.K9 THEN K7=I : GOT0 5446 
5445 K7=0 
5446 QO=Z(25) 
5430 REM PRINT auf 
5460 PRINT CHRWT8) 
5470 GOSUE 8530 
5480 FOR U=i TO 26 
5481 IF U=26 THEN PRINT, 'iZ(U) : GOT0 5510 
5490 PRINT USINC'######.##'rZ~Y~~ 
550'0 IF M=S OR Id=16 OR Gf=24 THEN PRXM : PRINT* 
5510 NEXT W 
5515 PRINT CHItI( : REW TURN OFF PRrNlER 
5517 GOSUB 14000 
5518 Q3=0 
5519 ESC 
5520 RETURN 
6500 KEN READ KEITHLEY 180 
6510 REM DELAY LOOP LETS 180 SETTLE DOYU 
6520 FOR '.=l TO C 
6530 03~0 : HEXT Y 
6540 REM LOOP FOR STAT,DlyDZyD3rM 
6550 FOR L=O TO 2 
6560 JOtit10 : RE?! lO=DlrD2 12=STAT 6=D3rD4 
6570 IF JO=11 THEN JO=6 
6580 REi'l CDNTROL b READ KEITHLEY 
6596 COSUB 9000 
6600 NEXT L 
6610 REM RELEASE KEITHLEY 
6420 GOSUB 9020 
6630 REM 
6640 REM CALCULATE VOLTAGE FRDH 180 
6650 GOSUE 9040 
6660 REM 60 BACK AND DO ANOTHER 
6670 RETURN 
8080 REH %%%%%TIHER SUBROUTINES%%%$%% 
8090 Cl=160 : REM %%I@% HOD %%%%t 3-3-80 
8100 REH DO=TENS~MINUTES 
8110 dO=INP(C1+7) : REH %%a% HOD 3-3-m %%%%a 
8120 DO=DO-IWT~DO/l6)%l6 
8130 RE?i Ul=UNITSyHINUTES 
8140 D?INP(Cl+b) : REH %a%%% non 3-3-80 St%%% 
8150 D=D-INT(Dfl6)%16 
8166 REM FS=TE?GtUNITSytfINUTES 
8179 FS=DO%lO+D 
8180 RETURN 
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8200 REM KIETHLEY READ SUEIROUTINE 
8210 REM DATE AND TIHE 
8220 GOSUEr 8270 
8230 PRINT Dt 
8240 GOSUB 8530 
8250 PRINT 
‘8260 RETURN 
8270 REM THIS TO GET THE DATE FRO!! TIHE BOARD 
8280 Cl=160 : REM t:ttt flOD 3-3-80 Uttt 
8290 Y=l980 : REM ttttt HOD 3-3-80 ttttS 
8300 ti=l 
8310 TS=INPf Cl+10 1 
8320 T4=INP(Cl+ll) 
8330 T3=IWCl+l2) 
8340 T2=IHPtC1+13) 
8350 TS=EINAND( TSI 15 1 
8360 T4=BINAND( T4115) 
8370 T3=EINAND(T3rlS> 
8380 T2=BINAND( T2r 15 1 
8390 Tl=BINAND(TlrlS) 
8400 T6=~T1t10000,01+~T2b1000)+~T3~100~i~T4~10WTS 
843 0 RESTORE 8450 
8420 IF T6>364 THEN Y=Y+l : Tb=T6-365 : GOT0 8420 
8430 READ D 
8440 IF T6)B THEN T6=T6-B : il=tJ+l : GOT0 8430 
8450 DATA 31~28r31~30~31~30~31~31~30~31~30~31 
8460 RESTORE 8510 
8470 FOR A=1 TO H 
8480 READ BO 
8490 NEXT A 
8500 Db=BO+" '+STRI(T6Wv '+STRd(Y) 
8510 
8520 

DATA’JfiNr’,‘FEB.‘~D~AR.‘~‘APR,mr’~Y~rD~grDJULYmr’AUG,‘r~SEPfr~,~OCTrm~DNOV.m,‘ILEC 
RETURN 

a530 REH TIME IN MILITARY TIHE 
8540 Cl=160 : REM Stttt MID 3-3-80 ttt%t 
8560 FOR I=9 TO 4 STEP-l 
a570 D=INP~+I) : REH REWOVE TOP 4 BITS 
8580 D=BINAND(Dvl51 : RE?l REHOVE TOP 4 BITS 
8590 PRINT Di : REM PRINT DIGIT 
8600 IF I=8 OR I=6 THEN PRINT’:‘; 
a610 NEXT I 
8620 RETURN 
9000 RE?! KIETHLEY READ 
9010 OUT 00+%0003ZrJO : B( L)=INP~OO+ZOOO1Z) : RETURN 
9020 REli( RELEASE 180 
9030 OUT 00+%0003%rZ00FFZ : RETURN 
9040 REM CHANGE DATA TO SOME THING THAT MEW SENSE ON SCREEN 
9050 REH ttXtft*tt:tStttttttt$~~~~~~%~~~~~:~~*~$~##$~~~ 
9060 REH Dl=LSD Dl#iSD 
9070 Dl=PINAND~P(O)~tI4>~1,0 
9080 D2=EINAND~D~O)r~5)b10,0/16,0 
PO90 D3=BINAND~P~l~rt!4>%100,0 
PlOO D4=BINAND~3~l)rH51tlOOO.O/l6.O 
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91.1,O REH SttdXttXtXtXtSttXttXtXttXSttXtXtXttttttt~~~~~~~~~~~~ 
9120 REH Rl=POL R2=FUNCTION R3=OVER RANGE R4=D,P. 
9130 RloBINAND(B< 2 WUJ -: ~F.Rl~O.lXN-Rls~1.-t GU7Q 91s 
9140 Ri=l 
9150 R2=8IIJAND( B( 2 19 i~i2 ) : IF R2=0 THEN R2=-3 : GOT0 9170 
9160 R2=-6 
9170 
9180 

R3=BINAND(B(2)-rH31 : IF Rf=O THEN GOT0 9190 
R3=1 

9190 RS=BINAND(Bt2)rH4, : R4=tLOG;R4)/LOGt2)) 
9200 IF IHTtR4)=O THEN R3=R3ti : GOT0 9250 
9210 IF INTtR4)=1 THEN R3=R3tlO : GOT0 9250 
9220 REM tXtttttXtXXXXXttttXt~~%~%~~%~~~~~~~*~$%#$$~~~~~~ 
9230 IF INT(R4)=2 THEN R3=R31r100 : GOT0 9250 
9240 IF INT(R4)=3 THEN R3=R351000 : GOT0 9250 
9250 REH ttXdtDUHHY 
9260 A( W~K)=~~~Dl+D2+D3+D4~;XlOXX~R4-4))+R3)tft~tlOtXR2 
9270 RETURN 

10000 REH StXXttWXt ESC ROUTINE tttXtlrCI# 
10001 REM 
10002 NOESC 
10005 PRINT CHRS(T9) : REM PRINTER OFF 
10006 PRINT'INPUT l=HSG 2=CHD HODE 3=START READOUT 4=FIUi lAST RE/WUT' 
10007 INPUT HP 
10008 IF M9Xl OR H9>6 THEN 10006 
10009 ON M9 GOSUB 10090~10150~10190~10200 
10010 GOSUB 9090 
10011 REH KEEP THE CLOCK UaFlKING 
10012 F&=FS+Fi 
10013 F7=Fl : F8=F5 
10014 IF F&'/60,0 THEN Fb=F6-60.0 
10016 IF F&-F"; THEN Fb=Fb-1.0 
10018 IF F&=60 THEN F6=59 
10019 ESC 
10020 RETURN 
lOOP0 PRINT : PRINT : PRINT : PRINT'HESSAGE= ' : INPUT 2% 
10100 PRINT CHRS(T8) : REH TURN PRINTER ON 
10110 PRINT 25 
10130 PRINT CHR$(TP) : REH PRINTER OFF 
10140 RETURN 
10150 PRINT'REIURN %TO PROGRAH USING: GOT0 10155' : STOP 
10155 RETURN 
10160 REM 
10170 PRINT TAB(3O)i'PLEASE USE 1 THRU 3 ONLY' 
10180 GOT0 10060 
10190 GOSUB 5000 
10192 RETURN 
10200 REH t t t FILE LAST READOUT 
10204 GOTO 10210 
10205 
30210 

OPEN\2*80,2\K2s : OPEN\3rB0~2\K31 : OPE3Mr8QdU[4~ 
FOR K5=2 TO 4 

10215 PRINT\KS\USING'###,###$*~Z~27); t NEXT #3 
10220 FOR KS=1 TO 8 
10225 PFjINT\2\USING' ####,## .,Z( KS); t NEXT KS 
10230 PRINT't2\ 
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11420 REtl $ X CREATE FILES 
11428 PRINT'INSERT BATA DISKETTE IH DRIVE B:’ 
11430 XNPUT"ENTER CALIBRATION HUHBER ON RESISTURS:‘rKl$ 
11431 PRINT CHRII T8) 
11432 DSK'B:' 
11435 KZ$='R:A'+Kl% 
11440 K3$='B:B'+Kl$ 
11445 K48='B:C'+Kl$ 
11450 CREATE K2S : K3% ! CREATE C&NE K4% 
11451 UPEM2,20\K2t : GPEN\3v8G\K3% : OPEH\4rBO\KI% 
11452 PRIm,2iKl$i' - 1 -2 -3 -4 - 
11453 

-5 
PRXM\2\* -7 -8 ' 

Pi 

33454 PRINT\3WSi’ - 9 -to -12 -12 -13 -14.: 
11455 PRINT\3\' -15 -16 . 
US56 PRXNT\4\Kfb;' -17 -18 -19 -20 -2s -22' i 
11457 PRfNT\4\' -23 -24 ' 
11458 REH CLOSE 
11459 PRIHI CHRS( 19) 
11490 PRINT CHRt(261 : REM ClEAR SCREEN 
11500 PRINT CNW 271;‘=71’; : RE34 
11510 PRINT CHRQtT8) 

60 TO BOTTOii OF SCREEN 

11550 REN ttX%S GO AND READ ALL RESISTORS ttttt 
1560 GOSUB 5000 
11570 REfd t$:x?l: 613 AND READ THE TX= (JUST MWTES 1 ttttt 
11580 GOSUB 8090 
11590 F7=Fl : FS=FJ 
11600 F6=FstFl 
,116 3 !! 3.F _ cwa l P- ‘THEN.- FbxF~zbu~0 
ll6ZO IF F&=FS THEN F&F&-1,0 
11630 IF F&=&O THEN F&=5? 
11640 GUSUR 15080 
11650 GUSUB 8090 
11660 REM tUt* STAY IN LOOP TILL ITS TInE TO DO ANOTHER RUH ttttt 
11670 GOSUB iSO 
11680 IF Fb<>FS THE?4 GOT0 11650 
11690 KEN CLEAR ROU 
11700 GOSUB- i!X!O 
11720 REM GO READ CAL AND PRINT OUT ALL RESISTORS 
11720 GUSUB 5000 
11730 GOTO il580 
11995 REH DEFAULT -RESISTUR 
12000 R8=R? 
12005 IF R9>8 THEN 12020 
12010 Hl=02 :- R9=S(R9 1 : RETURN 
12020 IF R9=? THEN Bl=%OOC92 : R!?=%OOFD% : RETURN 
12030 ff R9>17 THEN 12050 . 
12040 B1=02+4 : R?=R9'9 : R9=S(R9) : RETUR# 
12050 IF R9=18 THEN Bl=IOOCDZ : R?=XOOFDX : RntlRw 
12060 31=02t8 : R9=R9-18 : RP=S( R9) : RETURN 



13200 
13210 
13220 
13230 
13600 
13602 
13605 
13610 
13615 
13620 
13625 
13630 
13635 
13640 
13700 
13710 
13720 
13730 
13740 
13750 
13760 
13770 
13772 
13775 
137I80 
14 
14 

:: 
14 
14 
14 
14 
14 
14 
14 

:1 
14 
14 
14 
14 

:: 
14 
14 
14 
14 
14 
14 
14 
11 
14 
14 
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REM ????????????????????????%?????????????~?~???~&??~~?~~~~~~$~~~~#?~~~%~~$~ - 18 - 
REH t CCR RT?4 
REM t$$$$$$$?$$$$$$$$$????$$???$?$$$$$$#$?$$$?$$&%$$$$$$?$$$$$$$$~$$$~~$$$$ 
REti 
OPEN Y 200\R9C 
x=25 
FOR Yl=O TO 100 

FOR X1=0 TO 1 
INPUT\l\Gl( X1 r'Y1) 
NEXT Xi 

NEXT Yl 
CLOSE/l\ 
RETURN 
REH ??????St????????t????????????????????????????#?$????~???&#?#?$# 
REM ? 18 OHM RTN 
REfl ??????????????????????????????????:??? 
COT0 13780 
DPEH\l rSO\R8$ : X=18 
FOR Yl=O TO 24 

FOR Xl=0 TO i 
INPUT\l\G( X,XlrYl 1 
NEXT Xl 

NEXT Yl 
CLOSE111 
RETURN 

~000 REti GO DO CTR m 
1010 QCHRQt T8)i 
1020 X=25 : REM R25=C1201 
,030 GOS'UB 14400 
4;; ;; 25)--A%< Z( 25 11 

'i 
,040 IF A2( X)=1 THEW'Rl201= 
450 P" c1201= 

l iZ( 25 19 'TEWERATURE OUT OF RAKE’ : GOTO 14090 
' iZt25h'TEHPERATURE= ';A3(25);'K' 

,051 PRIWDRIFT OF CALIDRATEES SINCE LAST READOUT= ‘iQ5i”Z8 
1052 PRIWDRIFT OF CALIBRATOR DURING THIS READOUT= ‘iQ6i’Z’ 
to55 zt 27l=A3(25) 
105'0 @CHR%( T9 )i : RETURN 
ii00 REH DO 100 OHti RTN 
,102 GOT0 14350 
,105 Zt 18 l=ABS( Z( 18 1) 
,110 QCHRN T8li 
,120 XFl8 : REM RlOO IS IN SLOT 18 
1130 GOSUB 14200 
r13’r 0” ‘i 
,140 IF tit X&l THE?@'RlOO= 
:150 @" RlOO= 

' iZ( 18 h 'TEWERTURE IS OUT UF RAUGE= : 60T0 t41'96' 
'iZ( 18 )v"TEHPERTURE= 'iA31 18);' OK' 

115'0 ICHR$(T?); : RETURN 
,200 REtI ???????????????X???????????????????????????????$~??~$$? 
,210 REti 18. TABLE LOGKUP 
1215 REW 
,220 #‘12(X)=0 : RE?! RESETRHGERRFl.46 
I230 IF Z~X)>G(Xrl,O)THEN A2tXkl t RETURN 
1240 FOR Xl=0 TO 23 
1245 IF G( Xl01Xl )=O THEN A2tX 1-l : RFWRN 



14250 IF Z(XDG(Xr 19x1 ITHEN 14270 
14260 NEXT Xl 
14265 A2( X)=1 : RETURN 
14266 REM ? NOT IN TABLE SO PRINT tit 
14270 E=~LOG~G(:X~OYX~-~~~G~X~~YX~~~~/~LOG~G~X~~~X~-~~/~(X~~~X~~~~ 
14280 Z3=2(X)/G(X~lfXl-l) 
14290 ‘Z4=MP( EtLOG( 23 1) 
14300 A3(X)=Z4?6( XvOvXl-1) 
14350 RETURN 
14360 RE?l 
14400 RE?l ??~t??t????t~???S????????~~~?~?~?~?%?~??%??~???~~ 
14410 REII C.E.R. TABLE LOOK UP 
14420 REW 
14430 A2fX)=O : REH RESET RNC ERR FLAG 
14440 IF Z(X DGl( l,O)THEN A2(X)=l : RETURN 
14450 FOR Xl=0 TO 98 
14455 IF 2(X )>Gl( frX1 ITHEN 14470 
14460 NEXT XI 
14465 A2( X)=1 : RETURN 
14470 E=( LOG( Gl( 09X1-1 )/Gl< 09x1 )1)/t LW Gl( 19X2-1 VW 19x2 I) 1 
14480 23=21X )/61(1,X1-1) 
14490 Z4=MW E8LOCI Z3 I 1 
14500 A3(X)=Z4?Cl( 01X1-1) 
14600 RETURN 
15000 REM t?X???XX??X~nttXtX??~#~??~~?~~~~~~?~~?~~?$~ 
l5010 REM DISPLAY TIHE TO GO 
15020 PEM 
15030 iF F%>-F8 THEN 15050 
15040 RETURN 
l5050 F8=F5 
15060 F7=F7-1 
15070 REH PRINT OH LINE 50 24 
15080 PRINT CHR%( 13); 
15100 PRIHl F7i 
15110 RETURN 
0120 PRINT CHR$l27)i'=7 .i 
15130 RETURN 
15200 REM BEEPER SUBROUTINE 
15210 ,IF K7?K8=0 THEN RETURN 
15220 GOSUB 15300 
15230 RETURN 
15290 REM Cl201 EQUIL, CHECKING SUBROtJTfNE 
15300 FOR X=0 TO 8 STEP 4 
15310 OUT 02tXsXOOFFr. : REH CLEAR BOXES 
15320 OUT OltX~~OOFFZ : NEXT X 
15340 U=O : REH CAL 
15350 GOSUE 2000 
15360 OUT 02r%OOFFX 
15370%=25 : REH Cl201 
15380 OUT U2+8rS( U-18 ) 
15390 GOSUE 2100 
15400 OUT 02t8~ZOOFFr 
154 10 OUT BlvR9 : REH RECORDER 
15420 FOR X=0 TO 8 STEP 4 
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15430 IF Ot+X=Bl THEN 05=BIHAWD(R9,ftP)) : OUT BlrU5 : GOTO 15450 
15440 OUT ol+xIIt P 1 
15450 NEXT X _ 
15460 Ql=~~A~~~0~-A~25,1ll/~A~OwO~~A~0~l~~~tR 
15465 Ql=ABSI 111) 
154 70 Q2= MO. Ott cfi -00 MO : QO=Ql 
ii5475 K6=ABS( Q2 1 : IF KM\‘9 THEN K7=1 : CQTO 15480 
15476 K7=0 : REH BEEPER 
15480 PRINT CHRtpgt 78); : PRXM USZNG’ ###,#XBrQ2; 
l5490 Q3=Q3+1 : IF Q3=10 THEN PRINT : Q3=0 
15500 PRINT CHRQI 79); : PRIM CHl?$( 7 1; : REH BEEP 
155 10 RETURN 

TM-1099 
- 20 - 


